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(57) A system comprises a wireless master unit and
one or more wireless slave units, each having a unique
identifier. When a wireless slave unit is active, it is ad-
dressed by one of a limited number of temporary ad-
dresses. A PARK mode enables a wireless slave unit to
be in an idle state during which its temporary address is
deallocated, enabling that address to be assigned to an-
other wireless slave unit. To page a parked slave, a pag-
ing beacon packet is broadcast to, and received by,
each of the wireless slave units at fixed intervals during
a master-to-slave time slot. Each wireless slave unit de-
termines whether the received paging beacon packet in-
cludes its unique identifier. If so, the wireless slave unit
retrieves a temporary address from the paging beacon
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packet. The wireless unit transmits a response to the
wireless master unit during a subsequent slave-to-mas-
ter time slot if the received paging beacon packet includ-
ed the unique identifier belonging to the wireless slave
unit. Parked wireless slave units are also assigned a
unique response number by the master. The master
broadcasts a polling beacon packet during a master-to-
slave time slot. If the parked slave unit desires access
to the channel, it transmits a response in an N:th slave-
to-master time slot following the polling beacon packet
where N is a function of the slave's unique response
number.
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Description
BACKGROUND

[0001] The invention relates to radio networks, that
are networks in which units wirelessly exchange infor-
mation by way of radio signals. In particular, radio net-
works in which the air interface applies frequency hop-
ping to spread the signal over a wide spectrum are con-
sidered. The problem addressed is the multiple access
of different units on a common, frequency hopping chan-
nel.

[0002] The system considered is based on a frequen-
cy hopping (FH) system, different aspects of which are
described in U.S. Patent Application Nos. 08/685,069;
08/932,911; and 08/932,244; as well as U.S. Provisional
Application No. 60/109,692 (Atty Dkt. No. 040070-438,
filed on November 24, 1998 in the name of J. Haartsen)
which are all hereby incorporated herein by reference.
In this system, a channel is defined as a frequency hop
sequence which is a pseudo-random number (PN) se-
quence determined by the identity of one of the units
participating on the channel, called the master. The
phase in the sequence is determined by a master clock
associated with the master. As the master clock
progresses, the channel hops from radio frequency (RF)
hop frequency to RF hop frequency at the clock rate. All
other units participating on the channel, called slaves,
are synchronized to the FH scheme by using the same
FH sequence and same clock as used by the master.
The channel shared between the master and the one or
more slaves is called a piconet.

[0003] At connection setup, the master parameters
that are required to maintain FH synchronization are
transferred from the master to the slave. A strict Time
Division Duplex (TDD) scheme is adhered to: time slots
("slots") in which traffic is transferred from master to
slave and slots in which traffic is transferred from slave
to master, alternate at the hopping rate. Preferably, a
high hopping rate is used in order to obtain immunity
against interferers that share the spectrum. A high hop-
ping rate results in short slots and small packets.
[0004] The master controls the access on the chan-
nel. A distributed access method, like carrier-sense mul-
tiple access, is not useable due to the fast hopping of
the channel; the dwell time on a RF hop frequency is too
short to carry out an effective contention-based access
scheme. On the other hand, reserved access schemes
like TDMA are not suitable for packet-switched data
connections. Therefore; a polling scheme is used which
is entirely controlled by the master of the piconet. At any
moment in time, a master may select any of the slaves
participating on the channel to send data to in the mas-
ter-to-slave slot. However, only the slave addressed by
the master in this master-to-slave slot may respond in
the succeeding slave-to-master slot.

[0005] In this scheme, the master selects a slave in
the master-to-slave slot to send data to and from which
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it can receive data. As a result, collisions between
slaves that want to send information to the master at the
same time are prevented. When the master sends infor-
mation to slave X, this implicitly means that slave X may
respond in the next slave-to-master slot. The slave is
implicitly polled by the master. If the master has no data
to send, it may send a specific 'poll' packet to give the
slave a chance to respond. A poll packet is a very short
packet carrying no data.

[0006] The addressing scheme in the system is car-
ried out as follows. Each unit has a unique identity which
is, for example, derived from the 48-bit IEEE 802 ad-
dressing space. The identity of the master is used to
form the FH sequence used by the channel in the pi-
conet. Each packet is preceded by a preamble which is
also derived from the master identity. This preamble is
used by all the units participating in the piconet to iden-
tify whether there is a packet present in the slot, and if
so whether the packet belongs to this piconet. Since
many uncoordinated frequency hopping piconets may
be co-located, occasionally they may happen to land on
the same hop frequency. The preamble prevents the us-
ers in one piconet from accepting packets belonging to
another piconet. The master address therefore identi-
fies the piconet (or channel) and can be regarded as a
channel identifier.

[0007] To distinguish between the different partici-
pants on the piconet, a short-length Medium Access
Control (MAC) address is used which is temporarily al-
located by the master to the slave when the slave is con-
nected to the piconet. The MAC address is located in
the header of the packet. The master uses the proper
MAC address to address a slave. The size of the MAC
address is preferably small in order to minimize the over-
head in the packet header. As was mentioned before,
the system preferably uses a fast hopping rate. As a re-
sult, the packet can only be short and the amount of
overhead (including the MAC address) must be mini-
mized. However, the use of only a short-length MAC ad-
dress limits the number of slaves that can simultaneous-
ly participate on the channel.

[0008] Slaves that do not have to exchange a great
deal of information can be placed in a low power mode
called HOLD. When the slave is in the HOLD mode, it
does not participate on the channel. It neither transmits
nor receives data, but it does keep its clock running (so
that it remains synchronized to the FH channel), and it
retains its MAC address. At the conclusion of a HOLD
interval (the duration of which is agreed upon by both
the master and the slave prior to entering the HOLD
mode), the slave leaves the HOLD mode and partici-
pates on the channel as before.

[0009] Units that want to remain locked to the channel
can enter the HOLD mode to save power consumption.
However, since they keep their MAC addresses, units
that rarely participate on the channel deny access to the
channel to other units since the MAC address space is
limited. This inefficient use of the MAC addresses is



3 EP 1 603 349 A1 4

more of a problem in those described FH systems in
which the MAC address is short (to minimize overhead),
resulting in only a few slaves being able to participate
on the channel.

SUMMARY

[0010] Itis therefore an object of the presentinvention
to provide techniques for keeping units synchronized to
the channel in a piconet without requiring them to retain
their MAC addresses.

[0011] The foregoing and other objects are achieved
in apparatuses and methods of operating a system com-
prising a wireless master unit and one or more wireless
slave units, wherein each of the one or more wireless
slave units has a unique identifier. In accordance with
one aspect of the invention, a wireless slave unit may
be in a so-called PARK mode, in which it is not associ-
ated with a temporary address (e.g., a MAC address de-
scribed in the BACKGROUND section). In order to page
a parked wireless slave unit, a paging beacon packet is
broadcast to, and received in, each of the one or more
wireless slave units at fixed intervals during a master-
to-slave time slot. Each wireless slave unit, determines
whether the received paging beacon packet includes
the unique identifier belonging to the wireless slave unit.
If it does, then the wireless slave unit retrieves a tem-
porary address from the paging beacon packet, and
transmits a response to the wireless master unit during
a subsequent slave-to-master time slot.

[0012] In another aspect of the invention, the wireless
slave unit can determine whether a subsequent traffic
packet from the wireless master unit includes the tem-
porary address and, if so, respond by transmitting a re-
sponse to the wireless master unit during another sub-
sequent slave-to-master time slot.

[0013] Inyetanother aspect of the invention, the pag-
ing beacon packet is a type of beacon packet, wherein
beacon packets have a header portion that includes a
predefined temporary address that is never assigned to
any of the one or more wireless slave units in the sys-
tem.

[0014] In still another aspect of the invention, parked
wireless slave units are offered an opportunity to re-
quest access to the piconet. This is accomplished by
defining a series of time slots comprising alternating oc-
currences of a master-to-slave time slot and a slave-to-
master time slot, wherein each of the slave-to-master
time slots comprises a plurality of slave-to-master sub-
slots. Depending on the embodiment, the number of
sub-slots per slave-to-master time slot may be any in-
teger greater than or equal to 1. Furthermore, a unique
response number is allocated to each of the one or more
wireless slave units. A polling beacon packet is broad-
cast by the master unit to each of the one or more wire-
less slave units at fixed intervals during a master-to-
slave time slot. Receipt of the polling beacon packet by
a wireless unit indicates an opportunity to request ac-

10

15

20

25

30

35

40

45

50

55

cess to the piconet. Accordingly, if a wireless unit de-
sires to access the piconet, it transmits a packet to the
wireless master unit during a slave-to-master sub-slot
that occurs N slave-to-master sub-slots after the polling
beacon packet, wherein N is a function of the unique
response number of the at least one or more wireless
slave units.

[0015] Inyetanother aspect of the invention, the mas-
ter unit is not required to give each of the wireless units
an opportunity to respond to the polling beacon packet.
To accommodate this possibility, a slave unit detects
whether any master activity occurred in the master-to-
slave time slot immediately preceding the slave-to-mas-
ter sub-slot that occurs N slave-to master sub-slots after
the polling beacon packet, and if so, transmits the pack-
et to the wireless master unit only if no master activity
was detected in the master-to-slave time slot immedi-
ately preceding the slave-to-master sub-slot that occurs
N slave-to-master sub-slots after the polling beacon
packet.

[0016] In still another aspect of the invention the wire-
less master unit receives the response packet from the
at least one of the one or more wireless slave units, and
determines which of the one or more wireless slave units
transmitted the packet by determining which slave-to-
master sub-slot the packet was received in, relative to
the master-to-slave time slot during which the polling
beacon packet was broadcast.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The objects and advantages of the invention
will be understood by reading the following detailed de-
scription in conjunction with the drawings in which:

FIG. 1 is a timing diagram of an exemplary air inter-
face in accordance with one aspect of the invention;
FIG. 2 is a diagram of an exemplary packet format
for use on the air interface in accordance with one
aspect of the invention;

FIG. 3 schematically depicts an exemplary ad-
dressing scheme for use with the air interface in ac-
cordance with one aspect of the invention;

FIG. 4 is a timing diagram illustrating beacon trans-
mission and park wake-up in accordance with one
aspect of the invention;

FIG. 5 is a timing diagram illustrating the paging of
a parked slave A, in accordance with one aspect of
the invention;

FIG. 6 is a timing diagram illustrating a parked
slave's access resolution with immediate master
action, in accordance with one aspect of the inven-
tion; and

FIG. 7 is a timing diagram illustrating a parked
slave's access resolution with deferred master ac-
tion, in accordance with one aspect of the invention.
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DETAILED DESCRIPTION

[0018] Anoverview of various aspects of the invention
will first be presented, followed by an even more detailed
description.

Overview

[0019] A method is described in which units remain
synchronized to the frequency hopping channel without
owning a MAC address. These units are in a new mode
referred to herein as PARK mode. The channel identifier
is used to initially communicate between the piconet
master and parked slaves. When a parked slave wants
to become active, it indicates this to the master, at which
time the master allocates this slave a free, temporary
MAC address. Once active, the slave can participate in
the piconet, and can occasionally be put on HOLD for
short time periods keeping its MAC address. For longer
periods of inactivity, the slave can enter the PARK mode,
giving up its MAC address in the process, thereby free-
ing up the MAC address for use by a different slave.
[0020] To support the PARK mode, the master trans-
mits a broadcast packet at fixed intervals, which oper-
ates as a kind of beacon. The broadcast packet is iden-
tified by the all-zero MAC address. All slaves in PARK
mode always wake up to read the beacon. If the master
wants a parked slave to become active, it issues a pag-
ing message in the payload of the beacon packet. This
paging message includes the full 48-bit identity of the
slave and the temporary MAC address to be used by
this slave. Only the slave that was paged is allowed to
respond in the next slave-to-master slot.

[0021] A different scheme is used to permit parked
slaves to access the channel without being paged.
When the slave enters the PARK mode, it is allocated a
response number that determines when the parked
slave is allowed to respond without being explicitly/indi-
vidually paged. The slaves are allowed in the slave-to-
master slot which are preferably (but not required to be)
divided into a plurality of slave-to-master sub-slots for
this purpose. In the exemplary embodiment described
herein, the number of slave-to-master sub-slots in each
slave-to-master slot is two, and these slave-to-master
sub-slots are therefore referred to herein as half-slots.
It should be understood that alternative embodiments
can easily be derived from the description of the exem-
plary embodiment by substituting the term "slave-to-
master sub-slots" in place of the term "half slots", there-
by indicating that there may be more or even fewer than
two of such slots.

[0022] Continuing now with the exemplary embodi-
ment, in which the slave-to-master sub-slots are half
slots, a parked slave with response number N is allowed
to send a message in the Nth slave-to-master half slot
counted from the beacon packet, provided no master
activity has been detected in the master-to-slave slot
precisely preceding this response slot. The response
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message will consist of the channel identifier (preamble)
only. The position of the response message with respect
tothe beacon packet tells the master which parked slave
is requesting access. The master may grant the access
by directly sending a (broadcast) paging message men-
tioned before in the next master-to-slave slot. Alterna-
tively, the master may wait until all parked slaves have
had a chance to respond, and then make a decision re-
garding which slave to address. Parked slaves that have
requested access but are not granted access should
keep listening to the channel for (broadcast) paging
messages, because the master may grant access to the
requesting slaves sequentially before the next beacon
occasion. Parked slaves that have notissued an access
request can enter the sleep mode until the next beacon
occasion.

[0023] To enter a PARK mode, the slave unit must first
be registered with the piconet master. This registration
couples the identity of the parked slave to the response
number (which should always be kept as low as possi-
ble). The master should regularly do registration up-
dates so that slaves that were formerly parked but have
left the coverage area, can be de-registered so that the
response number can be reused for another parked
slave. Parked slaves with high priority should be issued
lower response numbers than parked slaves having
lower priority.

[0024] If the master is already engaged with another
(active) slave at the designated time for a beacon trans-
mission, it does not have to abort its operations. Instead
it may defer the beacon transmission to the next avail-
able master-to-slave slot. The parked units will wake up
and read the channel identifier to adjust their clocks.
Units not desiring access can then return to sleep until
the next beacon event. Units that desire access remain
awake and wait until the beacon packet indeed passes
along.

[0025] The invention distinguishes between active
slaves in a high-power mode and inactive slaves in a
low-power mode. By reserving the MAC address for the
active slaves only, a large number of inactive slaves can
be supported without much overhead on the channel.
For bursty data traffic, active and inactive slaves can be
swapped (reusing the MAC addresses) based on their
traffic requirements. In this way, the number of slaves
virtually connected to the channel can be much larger
than indicated by the MAC address.

More Detailed Description

[0026] The various features of the invention will now
be described in even greater detail with respect to the
figures, in which like parts are identified with the same
reference characters. In order to facilitate a better un-
derstanding of the invention, the focus of the discussion
is on the air interface, the types of communications that
take place between master and slave units, and on the
various ways that master and slave units respond to re-
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ceipt of various types of packets. Those having ordinary
skill in this art should have no trouble designing and
making operable systems based on the functional de-
scription presented herein. Such systems may include,
for example, programmable equipment that executes
program instructions created in accordance with the
principles set forth herein, and stored in any of a variety
of computer readable storage media, including but not
limited to Random Access Memory (RAM), magnetic
storage media (e.g., hard and/or floppy disks) and opti-
cal storage media (e.g., Compact Disc (CD) Read Only
Storage (ROM)).

[0027] Private radio communications require the de-
ployment of unlicenced bands. Presently there is not
much unlicenced radio spectrum that is globally availa-
ble. One band, the Industrial, Scientific, Medical (ISM)
band at 2.4 Ghz is an exception; it is available worldwide
although the precise operational channels may differ per
country.

[0028] The usage ofthe ISM band is restricted to radio
systems applying signal spreading. In this way, uncoor-
dinated systems spread their interference. Each system
is given a fair chance to make use of the spectrum and
no single system can dominate the usage. A cost-effec-
tive spreading method is the use of frequency-hop
spreading, that is the ISM band is divided into a number,
M, of RF hop frequencies and the channel hops from
one hop frequency to the next according to a pseudo-
random hop sequence.

[0029] The hopping rate is restricted to a minimum of
2.5 hops/s. The choice of the hopping rate depends on
a number of criteria. To obtain the optimal interference
immunity (through interference diversity and statistical
multiplexing) a high hopping rate is desired. If a hop is
lost due to interference, only a small burst of the com-
munications is lost. This is especially advantageous for
voice communications which can overcome only short
periods of high bit error rates without noticeable effects.
For data communications, the choice of a suitable hop-
ping rate depends on the choice of access scheme. For
an ethernet-like access scheme, like carrier-sense mul-
tiple access (CSMA, also known as "listen before talk"),
a slow hopping is desired for optimal contention resolu-
tion.

[0030] If voice and data have to be combined, a high
hopping rate must be used for voice transmission, re-
quiring a different access scheme for the data. Instead
of CSMA/CA (CSMA/ collision avoidance), a polling
scheme is used in which a central unit, the master, con-
trols the access to the channel. The system has been
designed in which all units are peer units in principle,
but when establishing a connection between the units,
one of the units will be the master whereas the other
units will become slaves. The master-slave relation is
only valid for the duration of the connection. The master
can set up a piconet. The picenet uses a FH channel at
a high hopping rate. A strict TDD scheme is used in
which the master-to-slave and slave-to-master trans-
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missions alternate at the hopping rate. The FH se-
quence is determined by the master identity, the phase
in the sequence is determined by the master system
clock. At connection setup, the master transfers its iden-
tity and clock to all slaves. By using this single identity
and clock, all users (master and slaves) are synchro-
nized and can follow the hopping channel. FIG. 1 is a
timing diagram of an exemplary FH-TDD channel as
meant in this disclosure. Each packet 101 used on the
channel is uniquely identified by a preamble. This is, for
example, a 64-bit unique word with good cross- and au-
to-correlation properties. The preamble is derived from
the master identity. A packet 101 has to have the proper
preamble before it is accepted by the participating units.
The preamble can be regarded as the channel identifier
since it identifies the packets belonging to the channel.
A packet 101 has a typical format as shown in FIG. 2.
In the example, the preamble 201 is followed by a head-
er 203 which is followed by a payload 205.

[0031] Each unit has a unique identity, which is for ex-
ample derived from the 48-bit IEEE 802 address space.
This identity is only used at the time of call set up for the
purpose of paging a unit. During the connection, a tem-
porary MAC address is used. This can be a much small-
er address, for example 3 bits, since it only has to dis-
tinguish between the participating units. This MAC ad-
dress is part of the header 203. The addressing is sche-
matically shown in greater detail in FIG. 3. Each unit has
a unique identity (wake-up identifier) 301 which is used
during the paging process. A channel identifier 307 is
derived from the master identity 303. Finally, a MAC ad-
dress 305 in the header identifies the units participating
in the same piconet. The unit identities 301 and the de-
rived channel identifiers 307 are unique. The MAC ad-
dress 305 is only allocated temporarily and is valid dur-
ing the connection. The all-zero MAC address is re-
served for broadcast messages. To avoid collisions on
the channel, the master and slave strictly follow the TDD
scheme: the master is only allowed to transmit in the
master-to-slave slot, and the slaves are only allowed to
transmit in the slave-to-master slot. In order to avoid col-
lisions between slaves, the only slave that is allowed to
transmit is that slave which was addressed with its MAC
address 305 by the master in the preceding master-to-
slave slot. This is called polling: a slave can only re-
spond when polled/addressed by the master. This poll-
ing can occur implicitly, that is by sending a packet con-
taining traffic in the payload addressed to the proper
slave; or explicitly by using a special POLL packet with-
out payload but addressed to the proper slave.

[0032] The MAC address 305 is much smaller than
the unitidentity 301. This will reduce the overhead in the
packet because the (Forward Error Correction (FEC)
encoded) MAC address 305 is present in each packet
header. However, this limits the amount of units that can
participate in a piconet. In particular, units that want to
be attached to a piconet but not actively involved in com-
munications (like sleeping participants) need a MAC ad-
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dress 305 which is inefficiently used. Therefore, a meth-
od is now described that allows units to remain parked
to the piconet channel, without their being assigned a
MAC address 305.

[0033] Units that have been in connection with the pi-
conet have all the information needed to remain syn-
chronized to the piconet, that is, they have the master
identity 303 and the master clock. From the master iden-
tity 303, the FH sequence and the channel identifier 307
(packet preamble) can be derived; from the clock, the
phase in the FH sequence can be derived. Occasionally,
a unit has to listen to the master transmission to adjust
its clock to account for clock drifts. We now distinguish
between four different modes of operation: STANDBY,
ACTIVE, HOLD, and PARK. In STANDBY, a unit is not
attached to any other device. It periodically wakes up to
listen to page messages. The page message must in-
clude the unit's identity. A unitin ACTIVE mode uses the
master identity 303 and clock to keep synchrony to the
FH channel and to extract the proper packets by filtering
the packets with the proper preamble. In addition, it has
a MAC address 305 to be recognized by the master.
Units that for a short moment can be put inactive will
enter the HOLD mode. In this mode, the slave sleeps
for a pre-determined period of time, after which it be-
comes active again. During the sleep mode, the slave
cannot get access to the channel, nor can it be reached
by the master. A slave in HOLD mode retains its MAC
address 305. A slave that can be putinactive for alonger
amount of time will enter the PARK mode. In this mode,
a slave gives up the MAC address 305, thereby making
that MAC address 305 available for assignment to an-
other slave unit. The slave in PARK mode wakes up pe-
riodically to listen for the channel identifier 307 to adjust
its clock to account for drifts.

[0034] To let parked units participate again, a special
access method has to be carried out. A master can ac-
tivate a parked unit by paging it. To facilitate this paging,
the master transmits a broadcast message at regular
intervals (hereinafter also referred to as a beacon). Dur-
ing this beacon event, the parked unit can become ac-
tive again, so in principle, the parked slave only has to
wake up during the beacons. The broadcast message
is identified by a predefined MAC address that is never
assigned to any of the slaves. In the exemplary embod-
iment, the predefined MAC address is the all-zero MAC
address. To activate a parked slave, the master pages
this slave by including the slave's identity 301 in the pay-
load 205 of the broadcast packet 101. In addition, the
payload 205 includes the (temporary) MAC address 305
to be used by the parked slave. A slave paged in this
manner is allowed to respond directly in the slave-to-
master slot following. The slave also retains the as-
signed MAC address 305, so that it will recognize future
packets directed to it by the master unit.

[0035] Forthe parked slave to get access to the chan-
nel, a different approach is required. Again, collisions
between different parked slaves that desire access si-
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multaneously, must be avoided. The following scheme
is used. When entering the PARK mode, the parked unit
is allocated a response number by the master. This re-
sponse number is used by the parked slave to determine
when it is allowed to transmit a channel access request
to the master. Channel requests are only allowed when
the beacon indicates that requests can be sent. Instead
of polling each parked slave separately, a broadcast poll
is transmitted indicating to the parked units that they are
allowed to request access. However, the response
number determines in which slot a parked slave is al-
lowed to transmit an access request. In another aspect
of the invention, in order to speed up the request proce-
dure, the slave-to-master slots may be divided into a plu-
rality of slave-to-master sub-slots. For purposes of illus-
tration, the exemplary embodiment utilizes two half slots
per slave-to-master slot. However, alternative embodi-
ments may use more or fewer than two half slots per
slave-to-master slot.

[0036] For a request, the parked slave only has to
transmit the channel identifier 307 (which is just a pre-
amble 201). The identifier and its position with respect
to the broadcast poll indicates to the master which
parked slave is requesting access. It can then send a
page message to this slave (including the slave's iden-
tity 301 and a MAC address 305) to activate the slave.
[0037] An example will further clarify the PARK mode
procedures. FIG. 4 is timing diagram showing how a
broadcast message 401 (e.g., packet that includes a
header 203 containing a zero MAC address) is sent at
regular intervals to act like a beacon. Units in PARK
mode only wake up during the beacon (or alternatively
during only every N beacons in order to reduce power
consumption). Referring now to FIG. 5, when a master
wants to activate parked slave A, it sends a page mes-
sage 501 including A's identity 301 and a temporary
MAC address 'A'. In the slave-to-master slot following
the page message 501, slave A can respond 503 as an
activated slave using the just allocated MAC address 'A'.
[0038] For a parked slave to gain access, the broad-
cast poll is used. FIGS. 6 and 7 are timing diagrams
showing several ways of using the broadcast poll. As-
sume that there are three parked units A, B and C, and
that these units have received response numbers 1 to
3, respectively. The broadcast poll 601 induces all
parked units to respond if they want access. The parked
units respond in the appropriate half slots according to
their response number and send a short packet 603-A,
603-B containing the preamble only (channel identifier
307). In FIG. 6, the master does not await the response
from C, but instead directly pages 605 unit A. Unit A's
response 607 is transmitted in the very next slave-to-
master slot.

[0039] InFIG.7,the mastertransmits a broadcast poll
701, thereby making it possible for the parked units to
respond if they want access. In this example, the master
first collects all slave responses by waiting until all
parked units have had a chance to respond (although
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unit C has no desire to access the channel), before it
makes a decision and pages one of the units. In this ex-
ample, units A and B respond with their respective short
packets 703-A, 703-B containing the channel identifier
307 in the first and second half slots to occur after the
broadcast poll 701. No short packet is transmitted in the
third half slot however, because of unit C's lack of inter-
est in accessing the channel. To accommodate for the
case in FIG. 6, the parked units are only allowed to re-
spond if in the master-to-slave slot immediately preced-
ing their respond slot, no master activity is detected. For
example, in the case of FIG. 6, unit C cannot respond
in the first half slot in hop k+3 because of the presence
of a page 605 in hop k+2.

[0040] Units that require access, but are not granted
access right away, should keep listening to the master
transmissions. Since a request has been received by
the master, it may page the corresponding parked slave
at any time, not only at the beacon instances.

[0041] In another aspect of the invention, a priority
scheme can be defined by giving units with higher pri-
ority a lower response number. In all cases, it is pre-
ferred that the response numbers should be kept as low
as possible to allow for a fast access. Therefore, the
master should check to ensure that units that are regis-
tered as parked are still locked to the channel. This can,
for example, be accomplished by having the master
page a parked unit periodically, preferably with a long
time interval between pages. When the parked unit re-
sponds, it is activated and may be placed back into the
PARK mode. This registration check only takes a few
slots (say 4 or 5 slots) and only has to be carried out
infrequently (e.g., every 15-30 minutes), so the over-
head is minimal. If a parked slave does not respond to
the page, it should be removed from the PARK list, so
that its response number can be reused by another unit.
[0042] Inaddition to the support for low-power modes,
that is for units that want to remain locked to the channel
without actually participating on the channel, the de-
scribed techniques can be used to support a much larg-
er number of users than indicated by the MAC address.
This can advantageously be used for slaves supporting
data traffic. Data traffic is bursty: when a message ar-
rives, the master and slave need to exchange some
packets to convey the information, but in-between mes-
sages there may be a long idle time. By properly sched-
uling the traffic, slaves that are in the idle time between
the messages are placed in the PARK mode, and slaves
that need to exchange messages are in the ACTIVE
mode. As soon as a message has been transmitted, the
slave is put in the PARK mode, thereby giving up its
MAC address. A parked slave can then be activated and
this same MAC address reused for information ex-
change. That s, active and inactive slaves are swapped
all the time between the ACTIVE mode and the PARK
mode depending on their traffic requirements. In this
way, the amount of slaves that virtually participate on
the channel is much larger than indicated by the small
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MAC address.

[0043] The invention has been described with refer-
ence to a particular embodiment. However, it will be
readily apparent to those skilled in the art that it is pos-
sible to embody the invention in specific forms other
than those of the preferred embodiment described
above. This may be done without departing from the
spirit of the invention. The preferred embodiment is
merely illustrative and should not be considered restric-
tive in any way. The scope of the invention is given by
the appended claims, rather than the preceding descrip-
tion, and all variations and equivalents which fall within
the range of the claims are intended to be embraced
therein.

Claims

1. A method of operating a system comprising a wire-
less master unit and one or more wireless slave
units, wherein each of the one or more wireless
slave units has a unique identifier and the system
includes a park operation mode upon entry to which
the one or more slave units give up any previously
assigned address, and wherein for permitting a said
wireless slave unit in the park mode to indicate its
intention to become active to the wireless master
unit, the method comprising the steps of:

defining a series of time slots comprising alter-
nating occurrences of a master-to-slave time
slot and a slave-to-master time slot, wherein
each of the slave-to master time slots compris-
es a plurality of slave-to-master sub-slots;
allocating a unique response number from the
wireless master unit to each of the one or more
wireless slave units upon entry to the park
mode;

broadcasting a polling beacon packet to each
of the one or more wireless slave units at fixed
internals during a master-to-slave time slot
from the wireless master unit;

for at least one of the one or more wireless
slave units that wishes to become active, trans-
mitting a packet to the wireless master unit dur-
ing a slave-to-master sub-slot that occurs N
slots after the polling beacon packet, wherein
N is a function of the unique response number
of the at least one or more wireless slave units.

2. The method of claim 1, further comprising the step
of for said at least one of the one or more wireless
slave units, detecting whether any master activity
occurred in the master-to-slave time slot immedi-
ately preceding the slave-to-master sub-slot that
occurs N slave-to-master sub-slots after the polling
beacon packet, and

wherein the step of transmitting the packet to
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the wireless master unit during a slave-to-master
sub-slot is performed only if no master activity was
detected in the master-to-slave time slot immedi-
ately preceding the slave-to-master sub-slot that
occurs N slave-to-master sub-slots after the polling
beacon packet.

The method of claim 1, further comprising the step
of:

in the wireless master unit, receiving the packet
from the at least one of the one or more wireless
slave units; and

in the wireless master unit, determining which
of the one or more wireless slave units trans-
mitted the packet by determining which slave-
to-master sub-slot the packet was received in,
relative to the master-to-slave time slot during
which the polling beacon packet was broad-
cast.

4. The method of claim 3, further comprising the steps

of:

in the wireless master unit, broadcasting a pag-
ing beacon packet to the at least one of the one
or more wireless slave units, wherein the pag-
ing beacon packetincludes the unique identifier
of the at least one of the one or more wireless
slave units and a temporary address for later
use in paging the at least one of the one or more
wireless slave units.

5. The method of claim 1, wherein the step of allocat-

ing a unique response number to each of the one
or more wireless slave units comprises:

in the wireless master unit, registering the
unique identifier for each of the wireless slave
units;

associating a unique response number with
each of the registered unique identifiers; and
transmitting unique response numbers to the
respective wireless slave units having the
unique identifiers.

The method of claim 1, wherein the polling beacon
packet is a type of beacon packet, wherein beacon
packets have a header portion that includes a pre-
defined temporary address that is never assigned
to any of the one or more wireless slave units in the
system.

The method of claim 4, wherein each of the slave-
to-master sub-slots is a half slot.

A system comprising:

10

15

20

25

30

35

40

45

50

55

9.

10.

a wireless master unit; and

one or more wireless slave units, wherein each
of the one or more wireless slave units has a
unique identifier and the system includes a park
operation mode upon entry to which the one or
more slave units give up any previously as-
signed address,

wherein:
the wireless master unit comprises:

means for defining a series of time slots
comprising alternating occurrences of a
master-to-slave time slot and a slave-to-
master time slot, wherein each of the slave-
to-master time slots comprises a plurality
of slave-to-master sub-slots;

means for allocating a unique response
number from the wireless master unit to
each of the one or more wireless slave
units upon entry to the park mode; and
means for broadcasting a polling beacon
packet to each of the one or more wireless
slave units at fixed intervals during a mas-
ter-to-slave time slot; and

each of the wireless slave units comprises;

means for transmitting a packet to the wire-
less master unit during a slave-to-master
sub-slot that occurs N slave-to-master sub-
slots after the polling beacon packet,
wherein N is a function of the unique re-
sponse number of the at least one or more
wireless slave units, whereby a said wire-
less slave unit in the park mode can indi-
cate its intention to become active to the
wireless master unit.

The system of claim 8, wherein:

each of the wireless slave units further compris-
es means for detecting whether any master ac-
tivity occurred in the master-to-slave time slot
immediately preceding the slave-to-master
sub-slot that occurs N slave-to-master sub-
slots after the polling beacon packet, and

wherein the means for transmitting the packet
to the wireless master unit during a slave-to-master
sub-slot operates only if no master activity was de-
tected in the master-to-slave time slot immediately
preceding the slave-to-master sub-slot that occurs
N slave-to-master sub-slots after the polling beacon
packet.

The system of claim 8, wherein the wireless master
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unit further comprises:

means for receiving the packet from the at least
one of the one or more wireless slave units; and
means for determining which of the one or more
wireless slave units transmitted the packet by
determining which slave-to-master sub-slot the
packet was received in, relative to the master-
to-slave time slot during which the polling bea-
con packet was broadcast.

The system of claim 10, wherein the wireless mas-
ter unit further comprises:

means for broadcasting a paging beacon pack-
et to the at least one of the more wireless slave
units, wherein the paging beacon packet in-
cludes the unique identifier of the at least one
of the one or more wireless slave units and a
temporary address for later use in paging the
at least one of the one or more wireless slave
units.

The system of claim 8, wherein in the wireless mas-
ter unit, the means for allocating a unique response
number to each of the one or more wireless slave
units comprises:

means for registering the unique identifier for
each of the wireless slave units;

means for associating a unique response
number with each of the registered unique iden-
tifiers; and

means for transmitting unique response num-
bers to the respective wireless slave units hav-
ing the unique identifiers.

The system of claim 8, wherein the polling beacon
packet is a type of beacon packet, wherein beacon
packets have a header portion that includes a pre-
defined temporary address that is never assigned
to any of the one or more wireless slave units in the
system.

The system of claim 8, wherein each of the slave-
to-master sub-slots is a half slot.

A method of operating a system comprising a wire-
less master unit and one or more wireless slave
units, wherein each of the one or more wireless
slave units has a unique identifier, the method com-
prising the steps of:

defining a series of time slots comprising alter-
nating occurrences of a master-to-slave time
slot and a slave-to-master time slot, wherein
each of the slave-to-master time slots compris-
es a plurality of slave-to-master sub-slots;
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16

allocating a unique response number to each
of the one or more wireless slave units;
broadcasting a polling beacon packet to each
of the one or more wireless slave units at fixed
intervals during a master-to-slave time slot;
for at least one of the one or more wireless
slave units, transmitting a packet to the wire-
less master unit during a slave-to-master sub-
slot that occurs N slots after the polling beacon
packet, wherein N is a function of the unique
response number of the at least one or more
wireless slave units.

16. A system comprising:

a wireless master unit; and

one or more wireless slave units, wherein each
of the one or more wireless slave units has a
unique identifier,

wherein:
the wireless master unit comprises:

means for defining a series of time slots
comprising alternating occurrences of a
master-to-slave time slot and a slave-to-
master time slot, wherein each of the slave-
to-master time slots comprises a plurality
of slave-to-master sub-slots;

means for allocating a unique response
number to each of the one or more wireless
slave units; and

means for broadcasting a polling beacon
packet to each of the one or more wireless
slave units at fixed intervals during a mas-
ter-to-slave time slot; and

each of the wireless slave units comprises:

means for transmitting a packet to the wire-
less master unit during a slave-to-master
sub-slot that occurs N slave-to-master sub-
slots after the polling beacon packet,
wherein N is a function of the unique re-
sponse number of the at least one or more
wireless slave units.
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